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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a. practical head structure which 
is high in the detection efficiency of a resistance variation rate 
for a reproducing head using spin tunnel magnetoresistive effect 
(TMR) . 



SOLUTION: This head has a magnetoresistive effect film 20 and a 
couple of electrode films 5 and 8 holding the magnetoresistive effect 
film 20 inbetween so as to supply a current along the film thickness 
of the magnetoresisive effect film 20. The magnetoresistive effect 
film 20 is formed by sequentially stacking a free layer 3, an 
insulating layer 1, a fixed layer 2, and an antif erromagnetic layer 
4. A couple of magnetic domain control films 7 for applying a bias to 
the free layer 3 so as to control magnetic domains of the free layer 
3 are arranged on both the sides of the magnetoresistive effect film 
20. At This time, the magnetic domain control film 7 is arranged at 
the position which is brought into contact with the fixed layer 2 and 
then currents flowing from the electrode films 5 and 8 along the film 
thickness of the magnetoresistive effect film 20 are prevented from 
leaking through the magnetic domain control film 7. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** S ]! 0WS the worc j w hi c h can no t be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the suitable spin tunnel 
magnetoresistance-effect type magnetic head, when starting the magnetic head of a magnetic recorder 
and reproducing device used for a computer, an information processor, etc., especially realizing 
high-density record. 
[0002] 

[Description of the Prior Art] The mainstream of a magnetic-substance record medium is in a magnetic 
disk and a magnetic tape. These are formed by forming a magnetic thin film on aluminum substrate or the 
tape made of a resin, these record media — writing and read-out of magnetic information — 
electromagnetism - the magnetic head using the conversion operation is used The magnetic head consists 
of the write-in section for writing magnetic information in a record medium, and the reproduction section 
which reads the magnetic information on a record medium. The so-called head of the induction type 
which consisted of magnetic poles generally combined magnetically [ wrap a coil and this up and down, 
and ] is used for the write-in section. Since the reproduction section corresponds to the magnetic 
information on high recording density, using a magnetoresistance-effect (MR) head is proposed in recent 
years. Also in the magnetoresistance-effect head, the head using the huge magnetoresistance effect 
(GMR) is well known for recent years. Moreover, recently, using the ferromagnetic tunnel 
magnetoresistance effect (spin tunnel magnetoresistance effect : TMR) is proposed as indicated by 
JP, 10-4227, A. TMR can obtain bigger resistance rate of change than the conventional magnetoresistance 
effects, such as GMR which passes current in the direction of a principal plane of a 
magnetoresistance-effect film, by passing current in the direction of thickness of a 
magnetoresistance-effect film. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the thing utilizable as the magnetic head using 
TMR is not yet indicated. 

[0004] this invention aims at offering the structure of the utilizable magnetic head of using the spin tunnel 

magnetoresistance effect (TMR). 

[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, according to this 
invention, the following spin tunnel magnetoresistance-effect type magnetic heads are offered. 
[0006] It has a magnetoresistance-eflfect film and the electrode layer of the couple which sandwiches the 
aforementioned magnetoresistance-effect film in order to pass current in the direction of thickness of the 
aforementioned magnetoresistance-effect film, namely, the aforementioned magnetoresistance-effect film 
It has the free layer containing the ferromagnetic layer piled up in order, an insulating layer, the fixed bed 
containing a ferromagnetic layer, and the antiferromagnetism layer that fixes magnetization of the 
aforementioned fixed bed. by both side of the aforementioned magnetoresistance-effect film In order to 
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control the magnetic domain of the aforementioned free layer, it is the spin tunnel 
magnetoresistance-effect type magnetic head characterized by arranging the magnetic-domain control film 
of the couple which applies bias to the aforementioned free layer, and arranging the aforementioned 
magnetic-domain control film in the position which does not contact the aforementioned fixed bed. 
[0007] At this time, between at least one side of the electrode layer of the aforementioned couple, and the 
aforementioned magnetoresistance-effect film, the insulator layer for electrodes is arranged, the 
aforementioned insulator layer for electrodes has a breakthrough, and the aforementioned electrode layer 
can be constituted so that the aforementioned magnetoresistance-effect film may be contacted only in the 
aforementioned breakthrough portion. 
[0008] 

[Embodiments of the Invention] The record reproducing head using the magnetoresistance effect of the 
gestalt of 1 operation of this invention is explained. 

[0009] The record reproducing head of the gestalt of this operation is equipped with the TMR head for 
reproduction which uses TMR (spin tunnel magnetoresistance effect), and the thin film magnetic head for 
record of an induction type. The TMR head for reproduction is carried on a substrate, and the thin film 
magnetic head for record is carried on a TMR head. 

[0010] With the gestalt of this operation, it makes for the current which flows on the 
magnetoresistance-effect film of the TMR head for reproduction to leak to a magnetic-domain control 
layer into the structure to prevent, and the detection efficiency of the resistance rate of change of a 
magnetoresistance-effect film is raised, moreover, the width of face of the field where the current of a 
magnetoresistance-effect film flows by narrowing the electrode width of face which touches a 
magnetoresistance-effect film ~ narrowing ~ the width of recording track ~ narrowing . By these, the 
record reproducing head equipped with the TMR head for reproduction which can respond to the 
magnetic-recording medium of high recording density is offered. 

[001 1] First, the structure of the TMR head for reproduction of the record reproducing head of the 
gestalt of the 1st operation is concretely explained using drawing 1 and drawing 10 . The thin film 
magnetic head for record is arranged in piles at the upper part of the TMR head for reproduction. Since 
the composition of the thin film magnetic head is already known well, it omits explanation here. 
[0012] Like drawing 10 , the lower shield film 10 is formed on the ceramics substrate 3 1 . On the lower 
shield film 10, the electrode layer 8 by which patterning was carried out to the desired configuration is 
arranged. The magnetoresistance-effect film 20 of four layer structures is arranged at the part on an 
electrode layer 8. The magnetic-domain control film 7 is arranged at both the sides of the 
magnetoresistance-effect film 20, respectively, and on the magnetoresistance-effect film 20 and the 
magnetic-domain control film 7, the insulator layer 6 is arranged so that these may be embedded. The 
breakthrough 21 is opened in the portion located in the upper part of the magnetoresistance-effect film 20 
at an insulator layer 6 ( drawing 1 ). An electrode layer 5 is arranged at the upper part of an insulator 
layer 6, and an electrode layer 5 touches the magnetoresistance-effect film 20 only in breakthrough 21 
portion. Therefore, if current is passed toward an electrode layer 8 from an electrode layer 5, current will 
flow the magnetoresistance-effect film 20 in the direction of thickness from the portion to which the 
electrode layer 5 is in contact with the magnetoresistance-effect film 20. Therefore, the width of face of 
the field where current flows among the magnetoresistance-effect films 20 is mostly restricted to the 
width of face of a breakthrough 21, and this width of face turns into the width of recording track. In 
addition, the up shield film 9 ( drawing 10 un-illustrating) is arranged at the upper part of an electrode 
layer 5. 

[0013] The magnetoresistance-effect films 20 are four layer structures which carried out the laminating of 
the ferromagnetic free layer 3, the electric insulating layer 1, the ferromagnetic fixed bed 2, and the 
antiferromagnetism layer 4 to order. The free layer 3 and the fixed bed 2 are formed so that the direction 
of an easy axis may become parallel. Moreover, the fixed bed 2 is being fixed in the direction where 
magnetization is fixed by magnetic switched connection with the antiferromagnetism film 4. 
Magnetization of the free layer 3 will rotate according to the direction of magnetization of the magnetic 
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information recorded on the magnetic-recording medium, if this TMR head for reproduction counters a 
magnetic-recording medium. Thereby, the magnetization direction of the free layer 3 serves as the 
magnetization direction of the fixed bed 2, parallel, or antiparallel. If current is passed in the direction of 
thickness from electrode layers 5 and 8 on the magnetoresistance-effect film 20, current will tunnel an 
insulator layer 1, it will flow, and, as for the electric resistance of the magnetoresistance-effect film 20, 
the magnetization direction of the free layer 3 and the fixed bed 2 will change with parallel or antiparallel 
mutually by the spin tunnel magnetoresistance effect (TMR). 

[0014] The magnetic-domain control film 7 is a ferromagnetic which adds a bias magnetic field to the free 
layer 3, in order to suppress generating of the magnetic domain of the free layer 3. The upper surface of 
the magnetic-domain control film 7 considers as physical relationship which is surely located in the 
bottom (substrate 3 1 side) rather than the upper surface of an insulating layer 1, and it is made for the 
fixed bed 2 and the magnetic-domain control film 7 not to contact mutually with the form of this 
operation at this time. Since the magnetic-domain control film 7 is low specific resistance, if this touches 
the fixed bed 2, it is for a part of current which flows from an electrode layer 5 to an electrode layer 8 
leaking to an electrode layer 8 through the magnetic-domain control film 7 from the fixed bed 2, without 
tunneling an insulating layer 1. With the composition of drawing 1 , since the fixed bed 2 and the 
magnetic-domain control film 7 are non-contact mutually, leak of current can be prevented. 
[0015] Next, the material of each film is explained. The lower shield film 10 is formed with Co system 
amorphous alloy, a NiFe alloy, a FeAISi alloy film, or CoNiFe alloys, such as CoNbZr. Thickness is 1 
micrometers or more 5 micrometers or less. The up shield film 9 is formed with a NiFe alloy or a CoNiFe 
alloy, and the absolute value of a magnetostriction constant is 5x10 to six or less. The up shield film 9 can 
make the lower core of the thin film magnetic head for record serve a double purpose, and can use the up 
shield film 9 as the ferromagnetic alloy film containing semimetals, such as a multilayer of a ferromagnetic 
layer and an oxide, B, and P, in this case. Moreover, as for the up shield film 9, it is desirable that it is 
high specific resistance (40 or more microomegacm) because of the improvement in a RF property of the 
thin film magnetic head for record. 

[0016] Since an electrode layer 8 turns into a ground film of the magnetoresistance-effect film 20, it 
needs to be taken as an electrode layer from which the property of the magnetoresistance-effect film 20 
serves as stability and high resistance variation. Specifically, smooth and its pure side are desirable, and 
when the front face of an electrode layer 8 takes high current density into consideration, its refractory 
material is desirable. Therefore, an electrode layer 8 is formed by the sputtering method, the vacuum 
deposition method, etc. with the alloy containing these elements, such as Ta, Nb, Ru, Mo, Pt, Ir, etc. 
which are low specific resistance material with little generation of heat at a refractory material, for 
example, Ta alloy, a TaW alloy, or alloys, such as W, Cu, and aluminum. The thickness of this electrode 
layer 8 is 3-30nm, and changes thickness with the interval of the shield film 10 and the shield film 9. If it 
is made thin, the interval of the shield film 10 and the shield film 9 can be narrowed, and it becomes 
possible to raise the resolution of the TMR head for reproduction. This electrode layer 8 is good also as 
multilayers (for example, multilayer structure of Ta layer / Pt layer / Ta layer, multilayer structure of Ta 
layer / Cu layer / Ta layer, etc.). 

[0017] An electrode layer 5 is formed with as of the same kind a material as an electrode layer 8. 
[0018] the monolayer structure where the free layer 3 of the magnetoresistance-effect film 20 consists of 
a ferromagnetic material of a NiFe alloy, Co alloy, a FeCo alloy, or a CoNiFe alloy ~ or it can be made 
the multilayer structure which contains a ferromagnetic layer for suppression of the diffusion prevention 
by the interface, or anisotropy distribution As multilayer structure, it can be made the multilayer structure 
of Co layer / NiFe layer / Co layer, and the multilayer structure of Co layer / NiFe alloy layer / CoFe 
layer, for example. It is determined by combination with the electrode layer 8 whether it is made a 
monolayer at the material of the free layer 3 and a row or whose it is made a multilayer it is a ground. It 
forms with Co or Co alloy, or the fixed bed 2 can be made the same material or same structure as the free 
layer 3. Moreover, the fixed bed 2 can also be made into the multilayer structure of a magnetic layer and 
a non-magnetic layer. For example, it can consider as multilayer structure like a ferromagnetic layer / 
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non-magnetic layer / Co layer like Co layer / Ru layer / Co layer. The antiferromagnetism layer 4 can be 
formed with 30IrMn, CrMn system alloy (CrMnPt, CrMnRu, and CrMnRh), MnRh alloy, MnPt alloy, 
MnPtPd alloy, NiMn alloy, NiMnPd alloy, MnRhRu alloy, NiO, CoO alloy, Fe 203, and Fe4 alloy and a 
CrAl alloy. Or the antiferromagnetism film 4 can also be formed by the multilayer which consists of 
combination of these material layers. The thickness of the free layer 3 is [ l-10nm and the 
antiferromagnetism film 4 of 3-1 Onm and the fixed bed 2 ] 2-25nm. These can be formed using the 
sputtering method. 

[0019] The insulating layer 1 of the magnetoresistance-effect film 20 is formed by the material containing 
either an oxide, a nitride, a fluoride or a boride. For example, it forms with the mixed phase of an oxide 
and a nitride with which nitrogen was added by some of oxides with aluminum 203, Si02, Ta205, Ti02, 
or a perovskite structure, or these oxides. Moreover, an insulating layer 1 may be a multilayer. Thickness 
of an insulating layer 1 is made very thin with 0.2nm - 3nm. 

[0020] On the other hand, an insulator layer 6 is formed by aluminum 203 or Si02. Moreover, with the 
multilayer structure of a non-magnetic metal film / oxide film / non-magnetic metal film, or multilayer 
structure like a ferromagnetic metal membrane / oxide film / ferromagnetic metal membrane, it can 
consider as the high insulator layer of isolation voltage. For example, it can be made the multilayer 
structure of aluminum film / aluminum203 film / aluminum film, the multilayer structure of nickel film / 
NiO film / nickel film, and the multilayer structure of Co film / CoO film / Co film. Moreover, an insulator 
layer 6 can also be formed with the oxide which contains at least one element among Ti, Sr, and Ba. It 
becomes a film containing the perovskite structure and the film containing such Ti and Sr, or Ba can 
make isolation voltage high. 

[0021] The magnetic-domain control film 7 is formed by the hard ferromagnetic of Co system. You may 
arrange Cr and Nb which are non-magnetic metal, or Ta film on the ground of the magnetic-domain 
control film 7. 

[0022] In addition, as for the breakthrough 21 of an insulator layer 6, it is desirable to form in the 
smallest possible width of face in order to determine the width of recording track. As a manufacturing 
process for this, it can be made the following procedures, for example. First, after forming the lower 
shield film 10 and the magnetoresistance-effect film 20 and **********i n g the magnetoresistance-effect 
film 20 using the milling method on a substrate 3 1, the magnetic-domain control film 7 is formed. At this 
time, the magnetic-domain control film 7 formed on the magnetoresistance-effect film 20 is removed by 
the lift-off method. Furthermore, an insulator layer 6 is formed. An insulator layer 6 is formed by the 
sputtering method or CVD. Next, this insulator layer is ********** e d using the RIE (reactive ion 
etching) method, and a breakthrough 21 is formed. This etching condition is important, and using CHF3 
or chlorine-based gas, it forms in etching gas so that the width of face of a breakthrough 21 may become 
narrow. Then, an electrode layer 5 is formed and it is filled up with a breakthrough 21 by the electrode 
layer 5. And the front face of an electrode layer 5 is processed flat and smooth by etching or CMP (the 
chemical mechanical grinding method), on the smooth electrode layer 5, the up shield film 9 is used and 
the sputtering method and plating are formed. Then, the thin film magnetic head for record is formed on 
this. 

[0023] The magnetoresistance-effect head in which the TMR head for reproduction of drawing 1 of such 
composition was carried explains operation which reproduces the magnetic information on a record 
medium. First, the surfacing side 5 1 of a magnetoresistance-effect head is surfaced on a record medium, 
thereby, the surfacing side 5 1 is opened and a record medium and few intervals are made to counter. 
Since magnetic switched connection with the antiferromagnetism film 4 is fixed, the magnetization 
direction of the fixed bed 2 does not change. On the other hand, magnetization of the free layer 3 
responds with the magnetization direction of the magnetic information on a record medium, and rotates. 
Therefore, the magnetization direction of the fixed bed 2 and the magnetization direction of the free layer 
3 will be in parallel or one of antiparallel states using the magnetic information on a record medium. If 
current is passed between an electrode layer 5 and 8, current will tunnel the insulating layer 1 of the 
magnetoresistance-effect film 20, and will flow in the direction of thickness. At this time, as for the 
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electric resistance of the magnetoresistance-effect film 20, the magnetization direction of the fixed bed 2 
and the magnetization direction of the free layer 3 change with parallel or antiparallel by the spin tunnel 
magnetoresistance effect. Therefore, the magnetic information on a record medium is reproducible by 
detecting the current between an electrode layer 5 and 8, and detecting resistance rate of change. 
Moreover, in case magnetic information is recorded on a record medium, the surfacing side 5 1 is surfaced 
on a record medium, and it records by the thin film magnetic head for record carried on the TMR head 
for reproduction. 

[0024] The width of face of the electrode layer 5 which has been mentioned above and to which the TMR 
head for reproduction of drawing 1 of the gestalt of the 1st operation touches the 
magnetoresistance-effect film 20 by the insulator layer 6 is narrowed, and the width of recording track is 
made narrower than the width of face of the magnetoresistance-effect film 20. Therefore, without 
narrowing the width of face of the magnetoresistance-effect film 20, the width of recording track can be 
narrowed easily and the recording density of the magnetic disk of a magnetic recorder and reproducing 
device can be made to increase. 

[0025] Moreover, with the TMR head for reproduction of drawing 1 , since the magnetic-domain control 
film 7 and the fixed bed 2 are making it physical relationship which does not contact mutually, current can 
protect leaking to an electrode layer 8 through the magnetic-domain control film 7 from the fixed bed 2. 
thereby — the magnetoresistance-effect film 20 — the direction of thickness --**** current — increase 
****-- since things are made, the amount of current which contributes to detection of the resistance rate 
of change of the magnetoresistance-effect film 20 by the spin tunnel magnetoresistance effect increases, 
and the detection efficiency of resistance rate of change can be raised 

[0026] Thus, with the gestalt of the 1st operation, it can respond to high recording density and, 
moreover, the TMR head for reproduction with the high detection efficiency of resistance rate of change 
is obtained. 

[0027] Below, the TMR head for reproduction of the gestalt of the 2nd operation is shown at drawing 2 . 

[0028] In the composition of drawing 2 , the same sign was attached about the same layer as already 
explained drawing 1 , and the film. It differs greatly with the TMR head for reproduction of drawing 2 
that the both ends of the magnetoresistance-effect film 20 are making it structure which starts on the 
magnetic-domain control film 7 from the head for reproduction of drawing 1 . Since an insulating layer 1 
surely exists between the free layer 2 and the magnetic-domain control film 7 with such structure, the leak 
of current can be protected from the free layer 2 much more effectively to the magnetic-domain control 
film 7. Therefore, it is also possible to use the magnetic-domain control film 7 as the film (CoCr alloy 
film) of low specific resistance. Moreover, with the composition of drawing 2 , the up shield film 9 is 
used also [ electrode layer / up / 5 ]. Thereby, a manufacturing process can be simplified. 
[0029] In the structure of drawing 2 , when an insulator layer 6 is formed by Si02 and a breakthrough 21 
is formed by RIE by making CHF3 into etching gas, the width of face (width of recording track) of the 
breakthrough 21 which can be formed is 0.2 micrometers - 0.3 micrometers. This width of recording 
track can realize 20 Gb/inch recording density [ or more 2 ] high recording density. 
[0030] Below, the TMR head for reproduction of the gestalt of the 3rd operation is shown at drawing 3 . 
[003 1] In the structure of drawing 3 , the same sign is given to the same thing as the layer of drawing 1 , 
and a film. As for drawing 3 , the magnetoresistance-effect film 20 has the angle taper of 50 to 80 degrees 
in the side. This taper is produced according to the incidence conditions of the ion at the time of carrying 
out ion milling of the magnetoresistance-effect film 20. The lower shield film 10 is Co system amorphous 
alloy or a FeAISi alloy film. Electrode layers 8 are precious alloys, such as Ta alloy, a TaW alloy, Nb, 
Mo, W, Cu and aluminum, or Ru, Pt. An electrode layer 8 is a multilayer (for example, multilayer 
structure of Ta layer / Pt layer / Ta layer and multilayer structure of Ta layer / Cu layer / Ta layer). The 
free layer 2 is made into the multilayer for suppression of the diffusion prevention by the interface, or 
anisotropy distribution. For example, it considers as the multilayer structure of Co layer / NiFe layer / Co 
layer. 
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[0032] Below, drawing 1 1 (a) - (d) and drawing 12 (e) - (g) is used and explained about the 
manufacturing process of the reproducing head of drawing 3 . 

[0033] First, after forming the lower shield film 10 with the sputtering method or plating on a substrate 
3 1 ( drawing 12 un-illustrating [ drawing 3 , drawing 1 1 , ]), an electrode layer 8 is formed by the vacuum 
deposition. Then, after carrying out ion cleaning of the front face of an electrode layer 8, the free layer 3 
of the magnetoresistance-effect film 20, an insulating layer 1, the fixed bed 2, and the antiferromagnetism 
film 4 are formed in order. And four layers of the magnetoresistance-effect film 20 are processed by ion 
milling. After forming the resist film 12 of a configuration like drawing 1 1 (a) on the processed 
magnetoresistance-effect film 20, the magnetic-domain control film 7 is formed ( drawing 1 1 (b)), the 
resist film 12 is melted, and the lift off of the magnetic-domain control film 7 on the 
magnetoresistance-effect film 20 is carried out ( drawing 12 (c)). Then, an insulator layer 6 is formed, the 
resist film 13 is formed on this, and patterning of the resist film 13 is carried out ( drawing 1 1 (d)). An 
insulator layer 6 is processed by RIE by using this resist film 13 as a mask. Thereby, a breakthrough 21 
can be formed ( drawing 12 (e)). In addition, in order to prevent the antiferromagnetism film 4 receiving a 
damage by RIE, a stopper film can also be beforehand formed between the antiferromagnetism film 4 and 
an insulator layer 6. And the resist film 13 is removed ( drawing 12 (f)), and the up shield film 9 is formed 
on an insulator layer 6 ( drawing 12 (g)). Thereby, the TMR head for reproduction of drawing 3 is 
producible. 

[0034] In addition, although drawing 2 and the up shield film 9 of drawing 3 are an electrode layer 5 and 
combination, since they serve as the configuration where the insulator layer 6 and the 
magnetoresistance-effect film 20 were met in this case, as compared with the structure of drawing 1 , the 
up shield film 9 is not smooth. Therefore, it is easy to generate a magnetic domain wall on the up shield 
film 9 in the breakthrough 21 neighborhood. What is necessary is to form a nonmagnetic membrane near 
a breakthrough 21 and just to make it the multilayer shield film 9, in order to prevent this. For example, if 
it is made the shield film 9 of multilayer structure like a NiFe layer / 203 layers of aluminum, and a NiFe 
layer, it turns out that generating of a magnetic domain wall can be prevented and it contributes to 
prevention of change of the TMR head output for reproduction, and prevention of noise generating. 
[0035] Below, the TMR head for reproduction of the gestalt of the 4th operation is shown at drawing 4 . 
[0036] In the composition of drawing 4 , the same sign was attached about the same layer as already 
explained drawing 1 , and the film. The TMR head for reproduction of drawing 4 has a taper in the 
magnetoresistance-effect film 20, moreover, width of face is large rather than the layers 1, 2, and 4 of 
others [ layer / free / in the magnetoresistance-effect film 20 / 3 ], and it is made for an insulator layer 6 to 
touch the ends of the upper surface of the free layer 3. For this reason, since the magnetic-domain control 
film 7 and the fixed bed 2 are completely isolated by the insulator layer 6 as compared with the 
composition of drawing 3 , the composition of drawing 4 is high reliability and can prevent current 
leaking to the magnetic-domain control film 7 from the fixed bed 2. 

[0037] In case the TMR head for reproduction of drawing 4 is produced, after once performing milling, 
processing only the free layer 3, after forming only the free layer 3 of the magnetoresistance-effect film 20 
and forming an insulating layer 3, the fixed bed 2, and three layers of the antiferromagnetism film 4 on 
this, it mills again and these three layers are processed. Or four layers of the magnetoresistance-effect film 
20 are formed at once, an insulating layer 3, the fixed bed 2, and three layers of the antiferromagnetism 
film 4 are ********** ed by milling, and a configuration [ like drawing 4 ] that whose etching is stopped 
on the free layer 3 it is also can be realized. Material can be made to be the same as that of the gestalt of 
operation of drawing 3 at other manufacture procedure rows. 

[0038] Below, the gestalt of the operation which formed the high specific resistance film 1 1 between the 
magnetic-domain control film 7 and the magnetoresistance-effect film is shown in drawing 8 from 
drawing 5 , respectively. This high specific resistance film 1 1 prevents that the current which flows in the 
direction of thickness carries out the leak of the magnetoresistance-effect film 20 to the magnetic-domain 
control film 7, and forms it with an insulator layer or a semiconductor film. 

[0039] Although the TMR head for reproduction of drawing 5 resembles the composition of drawing 3 , 
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it was not equipped with the insulator layer 6, instead is equipped with the high specific resistance film 
1 1 . The high specific resistance film 1 1 is arranged so that the side of the magnetoresistance-effect film 
20 may be worn, and the magnetic-domain control layer 7 is arranged on the outside. A breakthrough is 
formed in the high specific resistance film 1 1 like the insulator layer 6 of drawing 3 , and the width of face 
of the electrode layer 5 (up shield film 9 combination) to which the width of face of this breakthrough 
touches the antiferromagnetism film 4, i.e., the width of recording track, is determined as it. 
[0040] The procedure which produces the TMR head for reproduction of drawing 5 is explained briefly. 
First, after forming the lower shield film 10, an electrode layer 8, and the magnetoresistance-effect film 20 
on a substrate 3 1, the magnetoresistance-effect film 20 is processed by the milling method. Besides, the 
high specific resistance film 1 1 of 5-10nm of thickness is formed by sputtering with Si02 or 
aluminum203 grade. By changing sputtering conditions (it being the distance between a substrate and a 
target especially), a film is attached, the surroundings are changed and the high specific resistance film 1 1 
of thickness like drawing 5 is produced. Then, the magnetic-domain control film 7 is formed. The 
thickness of the magnetic-domain control film 7 is 5-20nm. The magnetic-domain control film 7 of the 
upper part of the magnetoresistance-effect film 20 is removed by the lift-off method like drawing 1 1 (b) 
and (c). Moreover, a breakthrough is formed in the high specific resistance film 1 1 by the same technique 
as drawing 1 1 (d), drawing 12 (e), and (f). Then, the up shield film 9 (electrode layer 5 combination) is 
formed. 

[0041] On the other hand, each composition of drawing 6 - drawing 8 is equipped also with the insulator 
layer 6 and the high specific resistance film 1 1 . Like the upper part of the side of the 
magnetoresistance-effect film 20, the thickness of the high specific resistance film 1 1 is thin, and serves as 
uniform thickness in other flat portions. The upper surface of a magnetic-domain control film is the flat 
field which was in agreement with the upper surface of the magnetoresistance-effect film 20. Therefore, 
an insulator layer 6 becomes uniform thickness. Moreover, it is the turn that the turn of each class of the 
magnetoresistance-effect film 20 is completely contrary to the composition of drawing 1 - drawing 5 . 
That is, it is arranged from the electrode layer 8 side in order of the antiferromagnetism film 4, the fixed 
bed 2, the insulating layer 1, and the free layer 3. The width of recording track is determined at intervals 
of the breakthrough of an insulator layer 6 as well as the structure of drawing 4 from drawing 1 . 
[0042] Moreover, the lower electrode layer 8 (the ground film of the magnetoresistance-effect film 20 is 
made to serve a double purpose) is also processed by the milling method, and the composition of drawing 
7 forms the high specific resistance film 1 1 also in the lateral portion of an electrode layer 8 for it. 
Moreover, with the composition of drawing 8 , the high specific resistance film 1 1 has run aground to the 
both ends of the upper surface of the free layer 3. 

[0043] Here, the manufacturing process of the TMR head for reproduction of the composition of drawing 
6 is explained using drawing 13 (a) - (d) and drawing 14 (e) - (g). 

[0044] First, after forming the lower shield film 10 with the sputtering method or plating on a substrate 
3 1 ( drawing 14 un-illustrating [ drawing 6 , drawing 13 , ]), an electrode layer 8 is formed by the vacuum 
deposition. Then, after carrying out ion cleaning of the front face of an electrode layer 8, the 
antiferromagnetism film 4 of the magnetoresistance-effect film 20, the fixed bed 2, an insulating layer 1, 
and the free layer 3 are formed in order. And four layers and electrode layer 8 of the 
magnetoresistance-effect film 20 are processed by ion milling. On the processed magnetoresistance-effect 
film 20, the resist film 42 of a two-step configuration like drawing 13 (a) is formed. Besides, the high 
specific resistance film 1 1 is formed ( drawing 13 (b)), the resist film 42 is melted after that, and the lift 
off of the high specific resistance film 1 1 on the magnetoresistance-effect film 20 is carried out. Besides, 
the magnetic-domain control film 7 is formed ( drawing 13 (c)). The upper surface of the 
magnetic-domain control film 7 is ground by CMP (the chemical mechanical grinding method), and is 
made flat ( drawing 13 (d)). Besides, an insulator layer 6 is formed, the resist film 43 is formed further, 
and patterning of the resist film 43 is carried out ( drawing 14 (e)). An insulator layer 6 is processed by 
RIE by using this resist film 43 as a mask. Thereby, a breakthrough 21 can be formed ( drawing 14 (e)). 
And the resist film 43 is removed and the up shield film 9 (electrode layer 5 combination) is formed on an 
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insulator layer 6 ( drawing 14 (g)). Thereby, the TMR head for reproduction of drawing 7 is producible. 
[0045] The TMR head for reproduction of each composition of above-mentioned drawing 5 - drawing 8 
is wearing the whole side of the magnetoresistance-effect film 20 with the high specific resistance film 11, 
and is electrically isolated in the magnetic-domain control film 7 and the magnetoresistance-effect film 20. 
since the leakage current which results in an electrode layer 8 through the magnetic-domain control film 7 
does not arise from the fixed bed 2 by this — the magnetoresistance-effect film 20 ~ the direction of 
thickness --**** current ~ increase ****-- things are made and the detection efficiency of the resistance 
rate of change of the magnetoresistance-effect film 20 by the spin tunnel magnetoresistance effect can be 
raised 

[0046] Moreover, without narrowing the width of face of the magnetoresistance-effect film 20, since the 
width of face of the electrode layer 5 to which the composition of drawing 5 - drawing 8 as well as the 
composition of drawing 3 touches the magnetoresistance-effect film 20 with an insulator layer 6 or the 
high specific resistance film 1 1 is narrowed from drawing 1 and the width of recording track is made 
narrower than the width of face of the magnetoresistance-effect film 20, the width of recording track can 
be narrowed easily and it is possible to make the recording density of the magnetic disk of a magnetic 
recorder and reproducing device increase. 

[0047] Furthermore, since the composition of drawing 6 - drawing 8 makes the upper surface of the 
magnetic-domain control film 7 in agreement with the upper surface of the magnetoresistance-effect film 
20 and it is made flat, the up shield film 9 (electrode layer 5 combination) is made in uniform thickness 
except for the portion of a breakthrough 21 . For this reason, it is hard to produce a magnetic domain wall 
on the up shield film 9, and the property of the up shield film 9 can be raised. 

[0048] Below, the composition and operation of the whole magnetic recorder and reproducing device 
using the record reproducing head of the gestalt of this operation mentioned above are explained using 
drawing 9 . 

[0049] The record reproducing head 210 is equipped with either of the TMR heads for reproduction of 
drawing 1 - drawing 8 mentioned above, and the thin film magnetic head for record carried on it. The 
record reproducing head 210 turns the surfacing side 51 downward, and is supported at the nose of cam 
of a spring 211. The spring is attached in the head positioning mechanism 320. The head positioning 
mechanism 320 positions the record reproducing head 210 on a record medium (hard disk) 110. The 
rotation drive of the record medium 1 10 is carried out by the spindle motor 3 10. It is processed by the 
regenerative-signal processor 330, the magnetic information on a record medium 1 10 is reproduced, and 
the electrode layer 5 of the TMR head of the record reproducing head 210 and the current which flows 
among eight are delivered to a controller 340. Specifically, it is amplified with the pudding amplifier 331, 
resistance rate of change is detected by the data regenerative circuit 332, and the decode of an electrode 
layer 5 and the current which flows among eight is carried out by the decoder 333. Moreover, the servo 
detector 33 carries out tracking control of the record reproducing head 210 from the output of a 
preamplifier 331. 

[0050] The magnetic recorder and reproducing device of drawing 9 carries the TMR head of the 
composition of either drawing 1 of the gestalt of this operation or - drawing 8 as the reproducing head of 
a record regenerative apparatus. Since this TMR head can prevent leak of the current to the 
magnetic-domain control film 7, in the regenerative-signal processor 330, it can detect the resistance rate 
of change by the spin tunnel magnetoresistance effect by high detection efficiency, and can obtain the high 
magnetic recorder and reproducing device of the detection sensitivity at the time of reproduction. 
Moreover, since this TMR head is narrowing the width of face of the electrode layer 5 which touches the 
magnetoresistance-effect film 20, the width of recording track is narrow and the magnetic information on 
the record medium 110 recorded by high recording density can be reproduced. 
[0051] Thus, with the gestalt of this operation, it is the record reproducing head which uses the spin 
tunnel magnetoresistance effect, and a leakage current can be prevented and, moreover, the structure of 
the head in which utilization with the narrow width of recording track is possible can be offered 
[0052] 
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[Effect of the Invention] According to this invention, as mentioned above, it is a head for reproduction 
using the spin tunnel magnetoresistance effect (TMR), and the detection efficiency of resistance rate of 
change is high, and can offer utilizable head structure. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the spin tunnel magnetoresistance-effect type magnetic head characterized by to have the 
fixed bed and the antiferromagnetism layer which fix magnetization of the aforementioned fixed bed 
which are characterized by to provide the following, and for the magnetic-domain control film of the 
couple which applies bias to the aforementioned free layer in order to control the magnetic domain of the 
aforementioned free layer to be arranged at both the sides of the aforementioned magnetoresistance-effect 
film, and to be arranged the aforementioned magnetic-domain control film in the position which does not 
contact the aforementioned fixed bed. Magnetoresistance-effect film. It is the free layer which has the 
electrode layer of the couple which sandwiches the aforementioned magnetoresistance-effect film in order 
to pass current in the direction of thickness of the aforementioned magnetoresistance-effect film, and 
contains the ferromagnetic layer which piled up the aforementioned magnetoresistance-effect film in 
order. Insulating layer. A ferromagnetic layer. 

[Claim 2] It is the spin tunnel magnetoresistance-effect type magnetic head which the insulator layer for 
electrodes is arranged, and the aforementioned insulator layer for electrodes has a breakthrough in the 
spin tunnel magnetoresistance-effect type magnetic head according to claim 1 between at least one side of 
the electrode layer of the aforementioned couple, and the aforementioned magnetoresistance-effect film, 
and is characterized by the aforementioned electrode layer touching the aforementioned 
magnetoresistance-effect film only in the aforementioned breakthrough portion. 

[Claim 3] It is the spin tunnel magnetoresistance-effect type magnetic head characterized by arranging the 
membranous side in the position where the aforementioned magnetic-domain control film touches the side 
of the aforementioned free layer in the spin tunnel magnetoresistance-effect type magnetic head according 
to claim 1 or 2. 

[Claim 4] It is the spin tunnel magnetoresistance-effect type magnetic head characterized by for the 
magnetic-domain control film of the aforementioned couple opening an interval, and arranging it in the 
spin tunnel magnetoresistance-effect type magnetic head according to claim 1 or 2, arranging the 
aforementioned free layer so that ends may hang on the aforementioned magnetic-domain control film, 
and carrying out the laminating of the aforementioned insulating layer, the aforementioned fixed bed, and 
the aforementioned antiferromagnetism film to order on this free layer. 

[Claim 5] It is the spin tunnel magnetoresistance-effect type magnetic head characterized by wearing the 
side of the aforementioned fixed bed by the aforementioned insulator layer for electrodes in the spin 
tunnel magnetoresistance-effect type magnetic head according to claim 3 or 4. 

[Claim 6] It is the spin tunnel magnetoresistance-effect type magnetic head characterized by wearing the 
side of the aforementioned free layer, an insulating layer, the fixed bed, and an antiferromagnetism layer 
by the high specific resistance film in the spin tunnel magnetoresistance-effect type magnetic head 
according to claim 1 or 2, and arranging the aforementioned magnetic-domain control film on the outside 
of the aforementioned quantity specific resistance film. 

[Claim 7] It is the spin tunnel magnetoresistance-effect type magnetic head which has the shield film of 
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the couple arranged on the outside of the electrode layer of the aforementioned couple, respectively in the 
spin tunnel magnetoresistance-efFect type magnetic head according to claim 1 or 2, and is characterized 
by one side of the aforementioned shield film making one side of the aforementioned electrode layer serve 
a double purpose. 

[Claim 8] It has the free layer, the insulating layer and the fixed bed containing a ferromagnetic layer 
which are characterized by providing the following, and the antiferromagnetism layer which fixes 
magnetization of the aforementioned fixed bed. by both side of the aforementioned 
magnetoresistance-efFect film It is the magnetic recorder and reproducing device characterized by 
arranging the magnetic-domain control film of the couple which applies bias to the aforementioned free 
layer, and arranging the aforementioned magnetic-domain control film in the position which does not 
contact the aforementioned fixed bed in order to control the magnetic domain of the aforementioned free 
layer. The rotation mechanical component for carrying out the rotation drive of the record medium. 
Magnetic head. The supporter which supports the aforementioned magnetic head on the aforementioned 
record medium. It is the ferromagnetic layer which it has the signal-processing section which processes 
the output signal of the aforementioned magnetic head, and the aforementioned spin tunnel 
magnetoresistance-efFect type magnetic head has a magnetoresistance-efFect film and the electrode layer 
of the couple which sandwiches the aforementioned magnetoresistance-efFect film in order to pass current 
in the direction of thickness of the aforementioned magnetoresistance-efFect film by the aforementioned 
magnetic head having the spin tunnel magnetoresistance-efFect type magnetic head as the reproducing 
head, and piled up the aforementioned magnetoresistance-effect film in order. 

[Claim 9] It is the magnetic recorder and reproducing device which the insulator layer for electrodes is 
arranged, and the aforementioned insulator layer for electrodes has a breakthrough in a magnetic recorder 
and reproducing device according to claim 8 between at least one side of the electrode layer of the 
aforementioned couple, and the aforementioned magnetoresistance-efFect film, and is characterized by the 
aforementioned electrode layer touching the aforementioned magnetoresistance-efFect film only in the 
aforementioned breakthrough portion. 
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